Many advantages are gained from the use of haemodilution in open-heart surgery. There is a lessened post-operative morbidity from bleeding, renal failure, and serum hepatitis. However, dilution with 5% dextrose in water is associated with a greater metabolic acidosis and a higher incidence of serious dysrhythmias than is pure blood. In order to elucidate the causes of these complications, 26 patients were studied using different degrees of haemodilution. The metabolic acidosis appeared to be mainly due to the dilution of blood buffer. Changes in electrolyte balance were more marked with greater dilution. The effects on serum sodium and chlorides were transient. The serum potassium level fell markedly during the post-operative phase and was associated with dysrhythmias. We believe that variation in potassium concentration is due to redistribution of potassium between the intracellular and extracellular phase as well as to an increased urinary excretion of potassium. The acidosis and hypokalaemia can be rapidly corrected by the ad-ministration of sodium bicarbonate and potassium. The changes in acid-base metajbolism and electrolyte balance can possibly be prevented by suitably modifying the priming fluid.
The massive quantities of blood used during open-heart operations may cause complications unrelated to the actual surgery. Serum hepatitis occurs in direct proportion to the quantity of blood given; a case incidence of 0-6 % per bottle of blood has been reported by Alsever and Barger (1961) . Occult incompatibility reactions can occur in spite of meticulous cross matching and proved in vitro compatibility (Fudenberg and Allen, 1957; Allison and Blumberg, 1961) . Schmidt, Peden, Brecher, and Baranovsky (1961) and Krevans, Jackson, Conley, and Hartmann (1957) have shown that with the use of pure blood primes the early disruption of platelets may cause postoperative bleeding.
Diluted blood-priming solutions were first introduced by Zuhdi, McCollough, Carey, and Greer in 1961. By 1962 Cooley, Beall , and Grondin had already gained an extensive experience of this technique which they believed reduced the complications of bypass perfusions. It is now claimed that haemodilution affords protection against renal failure (Norman, McDonald, and Sloan, 1964; DeWall, Lillehei, and Sellers, 1962; and Gadboys and Litwak, 1963) and that the urinary output in the immediate post-operative period is almost double that obtained when wholeblood primes are used (Zuhdi, Carey, Sheldon, and Greer, 1964) . Haemodilution is also said to lessen the danger of sudden unexplained blood volume fluctuations which occur after cardiopulmonary bypass (Litwak, Gilson, Slonim, . McCune, Kiem, and Gadboys, 1961) .
Early in our experience with haemodilution perfusions we became concerned with the number of patients who were in a state of undue exhaustion after surgery and with the number who developed severe arrhythmia. As a result we embarked on a prospective study of the biochemical changes during and following bypass.
METHODS
Twenty-six patients were studied (Table I) . Using D>Bakey pump heads and a disc oxygenator, high flow rates (2-3 1./M.2 to 2-5 1./M.2) were maintained even when the mid-oesophageal temperature had dropped to 30°C. (Marchand, Middleton, Benington, and Shreve, 1959; Marchand, Du Plessis, Beckerling, and Durr, 1964) . Pure blood was the priming fluid in two cases and diluted blood in twenty-four. In 10 cases the dilution was one part of 5% dextrose water to three parts blood, and in 14 it was two parts of 180
Haemodilution in open-heart surgery (Fig. 4 ). The group with 1: 3 dilutions showed less acidosis (a mean of 118 mEq NaHCO3/m.2 being required to correct the acidosis) than those with 2:2 dilutions (where the mean was 203 mEq NaHCO3/m.2). McCaughan and Lee (1964), Mackenzie, Davies, Masson, and Wade (1963) , and Kolff, Effier, and Groves (1960) have all stressed the danger of metabolic acidosis during and after cardiopulmonary bypass. Metabolic acidosis is probably due to many different causes. The pH of the 5% dextrose water supplied to us during the threemonth period of this investigation ranged between 4-0 and 4*5. Nevertheless, the pH of the diluted priming blood before bypass was normal in all patients; this must have been achieved at the expense of the stored blood buffer. With perfusion the patient's blood buffer is also diluted by the dextrose and water prime (Schlosser and Grote, 1964) (Roe, 1963) , so this factor is probably not important.
In our experience, acidosis is more pronounced with dilute than with pure blood primes. Acidosis rises progressively with increasing dilution: with the same or even shorter periods on bypass, patients with 2:2 primes suffered more acidosis than those with 1: 3 primes (Figs 1 and 4 ). These observations do not agree with the findings of McCaughan and Lee (1964) . Mackenzie and his co-workers (1963) feel that hyperventilation may cause metabolic acidosis by increasing the bicarbonate loss in the urine. However, we never found that an alkaline blood pH preceded the onset of acidosis. Moreover, acidosis and hypokalaemia occurred simultaneously, so that the hypokalaemia cannot be attributed to either metabolic or respiratory alkalosis.
The initial dilution of the serum electrolytes of the priming blood was corrected by the end of bypass, usually soon after bypass began. The later CO2 changes were affected by the therapeutic steps which were taken to combat acidosis, and cannot therefore be accurately interpreted. The fall of serum sodium in the priming fluid was less than would be expected to result from simple dilution (Table III) . The expected fall can be calculated from the dilution of plasma sodium by taking into account the haematocrit of the blood before and after dilution. The difference between the expected and the observed levels indicates that sodium had moved from an intracellular to an extracellular phase. Neither clinical nor biochemical hyponatraemia occurred post-operatively. (Obel, Marchand, and Du Plessis, 1965) . Extrasystoles often presage more serious arrhythmias, particularly ectopic ventricular tachyarrhythmias. All the patients in this study had received digitalis. It is therefore possible that hypopotassaemia produced digitalis intoxication with consequent rhythm disturbance, as described by Lown, Wyatt, Crocker, Goodale, and Levine, in 1953, but it is known that hypopotassaemia alone may cause arrhythmia (Young, Sealy, and Harris, 1954) .
Early in our experience with haemodilution we noticed that, post-operatively, patients who were unusually listless and atonic responded to the administration of potassium. One patient developed a myasthenia-like state with bilateral external ophthalmoplegia which recovered after potassium administration. Working with dogs, Kahn, Hidalgo, Steude, Ericsson, Lee, and Sloan (1963) observed that the greater the degree of haemodilution the more lethargic was the animal on recovery. Zudhi and co-workers (1964) found 1. W. P. Obel, P. Marchand, and L. dii Plessis that neurological complications are more common after dextrose-water priming than after pure blood perfusions.
Low levels of serum potassium could result from excessive urinary excretion, from movement of the ion into the cell, or from both. The urinary excretion of potassium during the first postoperative 24 hours has been compared with the fall in serum potassium in five patients, and no positive correlation emerges (Fig. 7) . This is expressed in another way in Fig. 8 , where the measured post-operative serum potassium is compared with the 24-hour urinary potassium excretion on the day of operation. High potassium excretions occurred even when the serum level was low. In two patients the urinary loss was as high as 160 and 100 mEq/l. in 24 hours. De Wardener (1961) has stated that with a serum potassium of less than 3 0 mEq/l. the excretion of more than 20 mEq of potassium in the urine over 24 hours indicates a renal leak. On this basis a renal leak of potassium is shown in all five patients in whom urinary loss of potassium was measured. These randomly selected patients had previously normal serum potassium levels, and the renal leak must have been acutely acquired and related to bypass. However, this degree of urinary potassium loss over 24 hours cannot account for the total fall in serum potassium. To account for the excessive fall, potassium must also move from an extracellular to an intracellular phase. It has been suggested by DeWall et al. (1962) that this accompanies the movement into the cell of glucose derived from the priming fluid. The fall in serum potassium usually corresponds with the restoration of normal body temperature and the resumed normal glucose metabolism. Presumably the potassium content of the renal tubular cell similarly increases and the urinary leak of potassium is due to its high intracellular concentration in the renal tubular cells as described experimentally by Flemma and Young (1964) . Barnard, Saunders, Eales, and Barnard (1966) have stated that postbypass hypokalaemia is probably due to alkalosis; we feel, however, that this is unlikely to be the sole cause but may contribute to or unmask abnormal potassium dynamics.
DeWall et al. (1962) and Paton, Rosenkrantz, and Blount (1964) have observed a fall in potassium after haemodilution perfusions. Paton et al. consider the fall to be insignificant, whilst DeWall et al. have noted a drop from 3-4 to 3-1 mEq/litre. We often leave mixed blood in the machine after bypass, whereas these authors routinely return all the fluid to the patient. This cannot be the only explanation for our different results, because the delayed and marked drop in serum potassium has occurred even when the entire contents of the machine have been returned to the patients.
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